s'e´quivalent pas toutes biologiquement pour ce qui est de donner de la viande de poulet enrichie d'acides gras v-3. Le chia s'est ave´re´supe´rieur aux autres sources d'ALA examine´es dans le cadre de l'expe´rience.
Mots clé s: Graines de chia, lin, colza, ome´ga-3, alpha-linole´nique, poulet, acide gras Coronary heart disease (CHD) is the single largest cause of death in the United States, and is a contributing factor in one in five deaths. In 2006 the estimated direct and indirect cost of CHD was $142.5 billion (American Heart Association 2006a) .
Unhealthy diets contribute to atherosclerosis, the primary cause of heart attacks and stroke. It is estimated that up to 30% of CHD deaths are due to unhealthy diets (American Heart Association 2006a). Diets high in total fat, saturated fatty acids, trans fatty acids, and having high v-6:v-3 fatty acid ratios have been directly related to increased CHD risk (American Heart Association 2006a, b; British Nutrition Foundation 1999) . The opposite effect has been found with v-3 fatty-acidenriched diets (Lorgeril et al. 1994 (Lorgeril et al. , 1996 Okuyama 2001; Grundy 2003) .
Western diets are typically low in v-3 fatty acids, and high in saturated and v-6 fatty acids (Simopoulos 2004) . This imbalance developed during the 20th century with the introduction of processed foods, grain fattened livestock, and hydrogenated vegetable fats, all of which dramatically reduced v-3 fatty acid intake. This situation worsened with increased intake of v-6 fatty acids and saturated fats brought about by increased intake of soybeans and the emergence of the fast food industry (Simopoulos 1998) . The consequence is that dietary intake of v-3 fatty acids must be increased.
In an effort to help balance dietary fatty acid intake, a number of studies have been undertaken in which domestic animals were fed v-3 enriched diets (Ayerza and Coates 2005) . The reason being that if food products such as eggs, milk, beef, poultry, and pork had higher v-3 fatty acid levels, they could provide health benefits to all social classes because of their generally wide consumption. None of these studies, however, have compared diets enriched with flaxseed and chia seed, the two botanical sources containing the highest ALA content known (54 and 64%, respectively) (Firestone 1999; Ayerza and Coates 2004) . The objective of the present study was to determine the effect different dietary v-3 fatty acid sources, including flax and chia, would have on broiler performance, abdominal fat deposition and composition, and on the fatty acid composition of the white and dark meat.
MATERIALS AND METHODS

Animals, Housing, Diets and Sampling
Three hundred 1-d-old Cobb-500 broiler chicks, half male and half female, were distributed randomly among 20 pens (each 1 )1.5 m), 10 for males and 10 for females, in the INTA (National Institute of Agricultural Technology) facility located in Pergamino, Province of Buenos Aires, Argentina. Wood shavings were used as litter. Handling followed the principles established for the care of animals used in experiments defined by the Argentine Government's National Institute of Agricultural Technology.
Five diets, containing either corn-soybean (control diet), flaxseed, rapeseed, chia seed or chia meal (labeled as T 1 , T 2 , T 3 , T 4 , and T 5 , respectively), were fed. The flaxseed, rapeseed and chia seed were ground to 0.8 mm or smaller using a hammer mill. The oil from the chia seed used to make the meal had previously been extracted using a cold press. Feed for all treatments was prepared on the same date using a small hand-fed mixer, which was thoroughly cleaned out between batches to prevent cross contamination. The mixtures were then stored under ambient conditions until fed.
Birds from each treatment were fed three diets during the experimental period. The first diet, fed from day 0 to day 21, was identical for all treatments, and was a typical starter diet. This was done to reduce project costs, and because earlier work by the authors had shown that increasing the length of the feeding period did not significantly alter the lipid relationship of the meat.
The second and third diets were consumed from day 22 to day 35, and from day 36 to day 46, respectively. These were the test diets, with the change between diets made so as to meet the changing physiological requirements of the birds during the growth period (Table 1) . Feed and water were provided ad libitum. During the first 48 h of the trial, lighting was provided 24 h a day; after that only natural lighting was used, and this lasted approximately 14 h a day.
Bird weight and feed consumption for each pen were recorded on days 21, 28, 36, 42, and 46. Weekly feed consumption was not recorded prior to day 21 as this was not thought necessary because the birds were to be weighed on that day and then evenly divided by weight into groups for the test period. It should be noted that the feeding period was somewhat longer than is normally used in North America, but was chosen because the Argentine market generally requires birds weighing at least 2 kg. Over the course of the trial, mortality rate was 2.5% on average, with feed conversion ratio adjusted by changing the number of birds used in a calculation, accordingly.
On day 46, eight birds (four males and four females) from each treatment were randomly selected, weighed, killed, processed, and eviscerated. After evisceration, carcass weights were obtained, then the birds were apportioned by hand into commercial cuts. Abdominal fat (from the proventriculus surrounding the gizzard) as well as breast (white meat) and leg (dark meat), both without skin, were weighed and placed separately into plastics bags and refrigerated at (4Á68C) during transport to the laboratory. In the laboratory, the samples were frozen at (188C until they were analyzed. Yield (carcass yield) was determined using live-and carcass weights, and white meat (breast) yield was determined using carcass and breast weights.
Laboratory Analyses
Fatty acid composition was determined using aliquot samples of abdominal fat, breasts and entire legs. One Sitio Argentino de Producción Animal aliquot sample of 10 g from the breast and leg tissues was dried and extracted in a Tekator apparatus using boiling hexane as the extraction solvent to obtain intramuscular fat percent. This procedure followed those of the Association of Offical Analytical Chemists (1992) .
A second aliquot sample of 5 g was extracted according to Folch et al. (1957) and used for fatty acid determination. The methyl esters from the fatty acids were prepared according to the method of Pariza et al. (2001) and measured using a Chrompack CP 900S fitted with a flame ionization detector (Chrompack International, Middelburg, the Netherlands) equipped with a 50-mm capillary column (Model CP-SIL 88 50-m )0.25-mm i.d. coating, Chrompack International, Middelburg, the Netherlands). The temperature was programmed at 708C for 4 min, increased from 70 to 1708C at a rate of 138C min Á1 , then increased from 170 to 2008C at 18C min Á1 . Individual fatty acids were identified by comparing relative retention times with individual fatty acid standards (PUFAÁ2 Animal Source, Supelco, Bellafonte, PA). Results were expressed as percentages of total fatty acids. TME values of the diets were determined following the method described by Sibbald (1976) , with peroxide indices determined according American Association of Cereal Chemists (1995) Method 58-16.
Statistical Analysis
The feeding trial was set up as a randomized block design, with four replications of 15 birds each (two replication of each sex) for each treatment. Each variable was compared by analysis of variance, when the F-value was significant (P B0.05), means were separated using Duncan's multiple-range test (Cohort Stat. 2006) .
RESULTS
Production Performance
Body weight, weight gain, feed consumption, and feed conversion ratio (feed consumption/body weight) values are presented in Table 2 . On day 46, both broiler weight and weight gain were significantly (P B0.05) less for the flax diet, compared with the other diets. No significant (P B0.05) differences were detected between the other diets throughout the trial. Feed consumed (g) Feed consumption was highest for the flax diet, with the difference being significant from day 28 on. With the exception of day 46, when the broilers fed rapeseed showed significantly (P B0.05) higher feed consumption than the control diet, no significant (P B0.05) differences between the other diets and the control diet were found. Throughout, consumption of the broilers fed chia seed was significantly (P B0.05) less than that of the broilers fed rapeseed.
Feed conversion was significantly (P B0.05) poorer for the flaxseed diet compared with the other diets. No significant (PB0.05) difference among the T 3 , T 4 , and T 5 diets was detected.
Body Composition
White meat, abdominal fat, and yield as percentage of live weight are shown in Table 3 . White meat and yield percentages were not significantly (PB0.05) different among treatments. Abdominal fat percentage was significantly (P B0.05) lower in broilers fed flax and chia seed, compared with the control diet. Abdominal fat was significantly (PB0.05) lower for the broilers fed flaxseed compared with those fed either form of chia.
Fatty Acid Composition
Abdominal Fat
Fatty acid composition of the abdominal fat is shown in Table 4 . Palmitic fatty acid was significantly (P B0.05) higher for the broilers fed the control diet. However, total saturated fatty acid (SFA) content, calculated as the sum of myristic, palmitic, and stearic, was not significantly (PB0.05) different among treatments.
Monounsaturated fatty acids (MUFA) comprised the greatest percentage of fatty acids in the abdominal fat, with oleic fatty acid being predominant. Abdominal fat of the broilers fed rapeseed had a significantly (PB0.05) higher MUFA content. The chia diets gave a significantly (PB0.05) lower MUFA content than the other diets, with the control and flaxseed diets showing no significant (PB0.05) difference in MUFA content. Linoleic fatty acid, an v-6 PUFA, was lowest in the abdominal fat of broilers fed rapeseed; however, it was only significantly (PB0.05) less than in the control and chia diets. The linoleic content of the broilers fed flaxseed showed no significant (PB0.05) difference compared with that of broilers fed chia seed, but was significantly (PB0.05) less than those fed chia meal.
Alpha-linolenic fatty acid, an v-3 PUFA, was significantly (PB0.05) higher in the abdominal fat of broilers fed flaxseed, chia seed, and chia meal, compared with the control diet. Abdominal fat from chia seed diet showed the highest ALA content; however, the difference was significant (PB0.05) only when compared with the rapeseed diet.
Total PUFA content in the abdominal fat was significantly (PB0.05) higher for both chia diets than for the control and rapeseed diets. Total PUFA content was significantly (PB0.05) lower with the rapeseed diet compared with all other diets.
The v-6:v-3 and SFA:v-3 ratios were significantly (PB0.05) lower for the abdominal fat of the broilers fed all test diets compared with the control. One exception was the T 3 diet for the SFA:v-3 ratio.
Intramuscular Fat
Results Within Meat Types. Total fat percentage and fatty acid composition for the dark and white meats are shown in Table 5 and 6. Total fat content of the white meat was not significantly (PB0.05) different among treatments (Table 5 ). Total fat content of the dark meat was not significantly (PB0.05) different for the chia meal diet compared with the control diet; however, the other three treatments, T 2 , T 3 , and T 4 , had a significantly (PB0.05) lower total fat content compared with the control diet.
Myristic fatty acid content was not significantly (PB0.05) different for either type of meat compared with the control (Table 5 ). For the white meat, the flaxseed and chia diets had a significantly (PB0.05) lower content compared with the rapeseed diet. Palmitic fatty acid, which comprised the greatest percentage of SFA for both meat types, was lower in all test diets compared with the control diet for the white meat. With the dark meat, only the flax seed and chia seed diets showed a significantly (PB0.05) lower content than the control, but these values were not less than those of the rapeseed and chia meal diets. Stearic fatty acid, the second largest percentage of SFA, was not significantly (PB0.05) different for either meat type, for any of the treatments, compared with the control.
All of the test diets yielded both white and dark meat having a lower total SFA content compared with the control (Table 6 ). For the dark meat, the difference was significant (PB0.05) only for the chia seed diet. For the white meat, all but the flaxseed diet showed a significant (PB0.05) difference. Monounsaturated fatty acids comprised the greatest percentage of fatty acids in both meat types, with oleic fatty acid being the largest constituent.Monounsaturated fatty acids content (Table 6 ) was less in both meat types when flaxseed, chia seed, and chia meal were fed, compared with the control diet. The difference was significant (PB0.05) only for the dark meat with both chia treatments. The MUFA content was significantly (PB0.05) higher with the rapeseed diet for both meat types, than for all of the other diets.
Among treatments, for both types of meat, linoleic fatty acid was significantly (PB0.05) lower for T 2 and T 3 compared with the other diets (Table 5 ). For the white meat, linoleic fatty acid was significantly (PB0.05) higher with the chia meal diet than for the other diets.
ALA content was significantly (PB0.05) higher in the white and dark meats of the broilers fed chia seed, flaxseed, and chia meal, compared with the control (Table 5 ). For both meat types, the chia seed diet gave a significantly (PB0.05) higher ALA content than did the flaxseed or the chia meal. For the dark meat, the flaxseed diet gave a significantly (PB0.05) higher ALA content than did the chia meal diet. The rapeseed diet did not produce any significant (PB0.05) difference in ALA content compared with the control diet.
Long-chain v-3 fatty acid (LCv-3) (Table 6) , calculated as the sum of eicosapentaenoic (EPA), docosapentaenoic (DPA), and docosahexaenoic (DHA) fatty acids, was significantly (PB0.05) lower in the control and rapeseed diets for the dark meat. In the white meat, the difference was not significant (PB0.05) between the control, rapeseed and chia meal diets. No significant (PB0.05) differences between the flaxseed and two chia treatments were found for the dark meat; however, the white meat from the broilers fed flaxseed had a significantly (PB0.05) higher LCv-3 content than that from broilers fed either chia diet.
Addition of flaxseed, chia seed and chia meal to the diet significantly (PB0.05) lowered the SFA:PUFA, SFA:v-3, and v-6:v-3 ratios (Table 6) , with the exception of the SFA:PUFA ratio of the dark meat for the flaxseed diet, compared with the control. Chia seed gave the largest decrease in the ratios in all cases; however, the difference was not always significant (PB0.05).
Results Between Meat Types. Comparison of total fat content and fatty acid composition between white and dark meats is presented in Table 7 and 8. Significantly (PB0.05) less fat was found in the white meat than in the dark meat for all diets. SFA, and its major component, palmitic fatty acid, were significantly (PB0.05) lower in the dark meat than in the white meat for all diets except in the case of the chia meal diet, where there was no difference in SFA content (Table 8) . Linoleic fatty acid content and total v-6 fatty acids were significantly (PB0.05) lower in the white meat than in the dark meat for all treatments, except for the chia seedÁlinoleic fatty acid combination (Table 7) .
ALA content was significantly (PB0.05) lower in the white meat than in the dark meat for the control, flaxseed, and rapeseed diets (Table 7) . ALA was not significantly (PB0.05) different between meats for either chia treatment. Total LCv-3 fatty acid content followed the same pattern (Table 8) .
SFA:PUFA and SFA:v-3 ratios were significantly (PB0.05) higher in the white meat than the dark meat, except for the chia meal diet (Table 8 ). With the chia meal diet a significantly (PB0.05) higher v-6:v-3 ratio was found in the dark meat compared with the white meat. All other treatments gave no significant (PB0.05) differences between meat types within treatments. 
DISCUSSION Production Performance
This study showed a significantly (PB0.05) lower final body weight, less weight gain, along with higher feed consumption and poorer feed conversion ratio for broilers fed flaxseed compared with the other diets. This finding agrees with numerous other published reports that have shown the negative effect flaxseed has on broiler and layer performance (Kung and Kummerow 1950; Bell 1989; Bhatty 1993; Caston et al. 1994; Scheideler and Froning 1996; Trevin˜o et al. 2000) . Several studies have suggested that this arises because of antinutritional cyanogenic glucosides and vitamin B 6 antagonist compounds present in flaxseed (Oomah et al. 1992; Chadha et al. 1995; Bond et al. 1997; Vetter 2000) .
Significant (PB0.05) differences in growth between the broilers fed flaxseed and those fed chia seed, the two the highest known plant sources of ALA, support earlier work by Ayerza and Coates (2001) , in which body weight and body weight gain were negatively affected when chia was replaced with flaxseed in laying hen rations. Comparing the two ALA v-3 fatty acid sources shows that the chia seed produced broilers having up to 23% more weight gain. In another study, Ayerza et al. (2002) showed small but significant (PB0.05) weight reductions of 5 and 6.2% with 10 and 20% chia diets, respectively, when fed to broilers. The differing results between the two studies could be related to the fact that some of the chia seed fed in the current trial was ground, but it was not in the earlier trial. Additionally, different strains of broilers were used, and the length of the feeding period was different. Hence, interaction of the feed with one or more of the other variables could be responsible for the different findings between experiments.
Body Composition
Abdominal Fat
The significantly (PB0.05) lower abdominal fat deposition occurring in broilers fed flaxseed and chia seed, compared with those fed the control diet, agrees with other research findings. The decrease might be explained by an increased rate of b-oxidation of unsaturated dietary fats through an enhanced expression of acyloxidase enzyme and subsequent reduced endogenous fatty acid synthesis, as has been proposed (Rise and Galli 1999; Rosebrough et al. 1999; Sanz et al. 2000; Crespo and Esteve-Garcia 2001; Christaki et al. 2006) .
The abdominal fatty acid profile, in essence, reflected the dietary fatty acid profiles. In general, MUFA was the predominant fatty acid in abdominal fat. The significantly (PB0.05) lower MUFA content found with the chia diets, compared with control diet, agrees with an earlier report in which diets containing 10 and 20% chia were fed to broilers (Ayerza et al. 2002) . Similar findings when feeding omega-3 to poultry and other animals have also been reported (Garg et al. 1988; Caston and Leeson 1990; Ayerza and Coates 2000) . The decline in MUFA content could be related to the inhibition effect of PUFA against^9-desaturase activity, an enzyme involved in the formation of oleic fatty acid (Brenner 1974) , which is its main constituent.
The ALA content increased dramatically, 370, 327, and 292% with chia seed, flaxseed, and chia meal, respectively, compared with the control diet. On the other hand, LCv-6 and LCv-3 fatty acids were not detected in the abdominal fat. This could indicate a limited capacity of the broilers to metabolize linoleic and ALA fatty acids in abdominal fatty tissue compared with the white and dark meat. Another explanation might be the low concentration of phospholipids in the abdominal fat. Because long-chain PUFAs are mainly concentrated in the phospholipids, and phospholipids have the lowest concentration in adipose fat compared with dark meat, white meat and liver tissues, the absence of LC PUFA could be the result, as has been proposed by Marion et al. (1965 ), Miller et al. (1967 , and Crespo and Este-Garcia (2001) .
Intramuscular Fat
Total Fat. The white meat of all ALA diets did not have a significantly (PB0.05) higher fat content than that of the control diet. With the exception of T 5 , total fat content of the dark meat was significantly (PB0.05) lower than that of the control. These findings agree with Ayerza et al. (2002) when broilers were fed chia enriched diets. Similarly, found a fat reduction in dark meat, and none or only minor changes in white meat, with some strains of hens fed high ALA diets.
Although the dark meat had significantly (PB0.05) higher total fat content than the white meat, both amounts were dramatically lower than those of broilers fed 10 and 20% chia enriched diets, as reported by Ayerza et al. (2002) . The difference most likely came about because the samples used herein were skinless, unlike those used by Ayerza et al. (2002) . Another factor could be bird strain. reported significant (PB0.05) differences in total fat deposition among bird strains for both meat types, and suggested that a genetic effect existed. This could also be a factor, and help to explain the difference between the chia seed treatments of the two trials, because different strains of broilers were used.
Fatty Acid Composition. The effect of dietary fats on the fatty acid profile of broiler meat has been demonstrated by a number of authors, with the magnitude of change varying with fat source (Yau et al. 1991; Zollitsch et al. 1997; Crespo and Esteve-Garcia 2001) .
Saturated Fatty Acid. A significant finding of the current trial was the effect that chia seed had on total SFA content of both meat types. Chia seed was the only treatment that resulted in significantly (PB0.05) less total SFA for both meat types, compared with the control (Table 6) . Flaxseed, did not produce significantly (PB0.05) different results compared with chia seed or the control for either meat type. It was, however, less effective in terms of decreasing the SFA content. The reduction brought about by the chia seed was 9 and 13% for the dark and white meats, respectively. This supports the earlier work of Ayerza et al. (2002) in which SFA reductions of 8.6 and 17.5% for dark and white meat, respectively, were found when broilers were fed a 20% chia diet. The concentration of SFA in bird tissues is related to its content in the ration, its oxidation rate, and its synthesis in the liver (Nir et al. 1988 ). Inhibition of fatty acid synthesis in the liver is greater during the digestion of unsaturated fats than of saturated fats (Sim and Qi 1995) . Thus, the greater reduction in SFA found with the chia seed diets compared with flaxseed could partially be attributed to different degrees of lipogenesis reduction brought about by lower PUFA absorption from flaxseed compared with chia seed. Others have demonstrated that broiler utilization of flaxseed nutrients is poor, and this has been attributed to the presence of antinutrients in flaxseed (Trevin˜o et al. 2000) . Hence, differences in SFA reduction for the white and dark meats appears to be feed dependent. Since dietary SFA is an independent risk factor associated with CHD (American Heart Association 1988), the greater reduction in SFA found with the broilers fed chia seed could indicate a health advantage for consumers eating these meats.
Significantly (PB0.05) higher palmitic and SFA contents found in the white meat (Tables 7 and 8) compared with the dark meat (with the exception of SFA for the chia meal treatment) is opposite to that reported by Ayerza et al. (2002) when diets containing 10 and 20% chia seed were fed to broilers. The reason for the difference between the two experiments is not evident based upon available data, but it might be that in one trial the skin was left on and in the other it was removed. The results, however, are in agreement with a trial in which six different strains of laying hens were fed diets either high or low in v-3 PUFAs. In this case a higher SFA content was found in the white rather than the dark meat .
The reduction in SFA content was greatest with the chia seed diet. Compared with the control diet the reduction was 11% on average, and 9.1 and 12.8% for the dark and white meats, respectively. The greater decrease in SFA for the white meat indicates a decreased conversion efficiency for the dark meat, compared with the white. As was suggested by Ayerza et al. (2002) , the difference may be related to variability in lipid manipulation between tissues, as has been demonstrated for poultry and other animals (Sheehy et al. 1993; Cha and Jones 1996; Surai and Sparks 2000) .
Monounsaturated Fatty Acids. A concomitant decrease in total MUFA, as v-3 PUFA increased, has been reported in egg yolks from hens fed 7, 14, 21, and 28% chia seed (Ayerza and Coates 1999) , and in both white and dark meat of broilers fed 10 and 20% chia seed (Ayerza et al. 2002 ). In the current study, the decrease in MUFA was significant (PB0.05) only for dark meat for both chia treatments compared with the control. The same trend in terms of decreased MUFA content between meat types and unsaturated fatty acids was found when other v-3 sources were used to enrich diets (Miller and Robisch 1969) . As suggested by Coates (1999, 2000) , the decrease in MUFA content in poultry could be related to the inhibition effect of PUFA against^9-desaturase activity, the key enzyme used to desaturate and elongate palmitic to palmitoleic and stearic to oleic fatty acid (Brenner 1989) . Thus the opposite effect produced by the rapeseed-enriched diet on MUFA content found herein could be related to the higher content of dietary fat and MUFA of this diet, compared with the control diet. Broiler meat MUFA content has been reported as being much more dependent on dietary MUFA content than on endogenous fatty acid synthesis in the body (Ratanayake et al. 1993) .
Polyunsaturated Fatty Acid v-6. Differences in PUFA v-6 and its major constituent, linoleic fatty acid, between treatments, could be due to different dietary contents among treatments and/or to a different rate of absorption between sources.
The significant (PB0.05) reduction in total LCv-6 content found in the dark and white meats of all treatments compared with the control diet has been reported when feeding other v-3 enriched diets (Ajuyah et al. 1993) . The decrease has been suggested to result from the inhibition of the linoleic fatty acid metabolization process brought about by the competition with linolenic fatty acid for^5 and^6 enzymes involved in desaturation and elongation. This has been reported not only in poultry, but in other animals as well (Craig-Schmidt et al. 1987; Hayek and Reinhart 1998) .
The lack of significant (PB0.05) differences in LCv-6 fatty acid content between broilers fed the control and rapeseed diets, and broilers fed the T 2 , T 4 , and T 5 diets for both meat types could be due to the high v-6:v-3 ratio of these two diets, compared with the other three diets. A low v-6:v-3 fatty acid ratio in the diet has been found in other animals to be more important in terms of inhibiting linoleic elongation and desaturation processes, than the absolute amount of dietary v-3 fatty acid in the diet (Boudreau et al. 1991) .
Polyunsaturated Fatty Acid v-3. Except for the white meat of birds fed the rapeseed diet, adding ALA sources to the diet increased ALA, LC-v-3, and total PUFA-v-3 contents of both meats. Chia seed gave the highest total PUFA-v-3 increase, yielding 157 and 200% increases for dark and white meat, respectively. In addition, the chia seed diet dramatically increased the ALA and total PUFA-v-3 content compared with the T 2 , T 3 , and T 5 diets. Chia seed gave 16.9 and 37% increases in ALA content for the dark and white meat, respectively, compared with flaxseed, which yielded the second largest ALA and total PUFA-v-3 increases. The chia seed provided significantly (PB0.05) higher v-3 fatty acid deposition compared with the flaxseed, with this possibly being related to the difference in antioxidant contents of the two sources of ALA. Variation in fatty acid incorporation resulting from the presence of antioxidants has been reported. Ajuyah et al. (1993) showed higher deposition of v-3 fatty acid in broilers fed a flaxseed plus antioxidant enriched diets than broilers fed flaxseed. Adding antioxidants to a flaxseed diet fed to broiler chicks also showed increased oxidative stability of white and dark meat compared with a diet without antioxidants (Nam et al. 1997) .
Stability analysis of the diet fed during the first part of the trial (Table 1) showed an advantage with the chia seed and chia meals, compared with the other diets. The greater stability of these v-3 fatty acid diets, compared with the flaxseed diet could be due to the presence of antioxidants lessening the degenerative process. Chia seed contains chlorogenic acid, caffeic acid, myricetin, quercetin and kaempferol flavonols. These compounds, absent in flaxseed, are both primary and synergistic antioxidants, and contribute in a major way to the strong antioxidant activity of chia (Taga et al. 1984; Castro-Martinez et al. 1986 ).
The lack of a significant (PB0.05) difference in LCv-3 content between meat types that was found for the chia diets, but which existed with the flaxseed diet, has been demonstrated by others when comparing v-3 fatty acid deposition patterns among v-3 sources Hulan et al. 1988; Cherian et al. 1996; Lopez-Ferrer et al. 1999 , Ayerza et al. 2002 . The results herein support the finding that deposition is source-dependent, as there were differences in deposition patterns between flaxseed and chia seeds.
A serving of dark meat (100 g) obtained from a broiler fed flaxseed, chia meal or chia seed provides 295, 340, and 367 mg of v-3 fatty acids, respectively. This represents a 1.7, 2, and 2.1-fold increase compared with a standard diet. These values compare favorably to a 100-g portion of tuna canned in water, which provides 281 mg of total v-3 fatty acids (United States Department of Agriculture 2006). Consumption of two servings of skinned dark meat from a broiler fed a 15% chia seed diet can provide 58% of the daily v-3 fatty acid recommended for a 2700 calorie diet (Canada Health and Welfare 1990). Hence, meat derived from broilers fed vegetable ALA-rich sources show great potential as a sustainable source of v-3 food for humans.
Fatty Acid Ratios. The v-6:v-3 and SFA:v-3 ratios were dramatically improved in both types of meat by inclusion of chia seed, flaxseed and chia meal in the broiler diets. These ratios are considered important predictors of CHD, and a balanced relationship between fatty acids is needed to provide good cardiovascular health in humans. Nutritional recommendations suggest a dietary v-6:v-3 fatty acid ratio be no greater than 5:1 (Food and Agricultural Organization 1994; British Nutrition Foundation 1999), with the ideal ratio being 1:1 (Simopoulos 2004 ). Since SFA is hypercholesterolemic, but PUFA is hypocholesterlemic, having foods with low SFA:PUFA, v-6:v-3, and SFA:v-3 ratios is important in terms of lowering the risk of suffering CHD.
In conclusion, adding vegetable ALA-rich sources to broiler diets is an alternative to using sea sources to produce v-3-enriched products. It must be noted, however, that not all ALA-rich seeds are biologically equivalent sources in terms of producing v-3-enriched broiler meat. This paper supports other research, which suggests that the composition of the dietary ALA source affects fatty acid absorption and utilization, and that there are different interactions between type of fatty acid and type of poultry tissue. Furthermore this paper supports other findings that show the negative effects that flaxseed has on poultry production, which chia seed does not. Based on these findings, chia holds a significant advantage over flaxseed in terms of its ability to produce products with a high v-3 fatty acid content.
